The ability to distinguish hepatocellular carcinoma (HCC) from other malignancies by immunohistochemistry has been limited by the lack of a reliable positive marker for hepatocellular differentiation. Anti-alpha fetoprotein (anti-AFP) and antipolyclonal carcinoembryonic antigen (antiCEAp) antibodies are traditionally used positive markers for HCC. The sensitivity of AFP is low, ranging from 17-61.5% (1) (2) (3) (4) . AFP may also infrequently stain other types of carcinomas, including gastric, colonic, and cholangiocarcinomas (CC; 1-3). Although quite specific for hepatocellular differentiation, canalicular staining with anti-CEAp or CD10 is reported to be present in 15-80% of HCC (4 -7) . The canalicular staining pattern of these antibodies is often difficult to interpret, thus limiting their use in the diagnosis of hepatocellular carcinoma.
The recently commercially available Hep Par 1 antibody (clone OCH1E5.2.10) stains normal and neoplastic hepatocytes. This antibody was developed in 1993 by Wennerberg et al. (8) using fixed liver as immunogen. The target antigen has not yet been fully determined. Several published studies have reported this antibody to be a sensitive marker for HCC (2, 4, 8 -12) . Until very recently (4) it has been reported to be highly specific except for the staining of occasional gastric carcinomas and rare CCs. This study uses tissue microarray technology along with conventional tissue sections in the testing of a large number of tumors to further define the utility of Hep Par 1 in the differential diagnosis of HCC.
MATERIALS AND METHODS
All the cases included in this study were obtained from the files at the Laboratory of Surgical Pathology at Stanford University Hospital. A total of 676 cases of malignancies, including 19 cases of HCC, were evaluated for Hep Par 1 staining.
Tissue Microarrays
The tissue microarrays were constructed using a tissue arrayer (Beecher Instruments, Silver Spring, MD) according to a previously described protocol (13, 14) . Single 0.6-mm cores of tissue taken from a representative area of each tumor were used to assemble the arrays. Five hundred eighty-eight tumors, including 14 HCCs, represented on three tissue arrays were evaluated for staining. Tissue validation was performed on HCCs that failed to react on the array by testing whole sections from the same cases.
Tissue Sections
Standard block tissue sections from 88 tumors, different from those on the arrays, were evaluated for Hep Par 1 staining (Table 1) .
Immunohistochemistry
Five-micrometer-thick sections were cut from the microarray and conventional paraffin tissue blocks. The sections were deparafinized in xylene and rehydrated in graded series of ethanol. Heat epitope retrieval was performed by microwave boiling the deparaffinized sections in 10 mmol/L citrate buffer (pH 6.0) for 12 minutes. The sections were then incubated with primary Hep Par 1 antibody for 30 minutes (clone OCH1E5.2.10, 1:80 dilution, DAKO, Carpinteria, CA). Staining was performed either manually, on a DAKO automatic stainer, or on a Ventana automated stainer using diaminobenzidine as the chromagen. Detection on the DAKO machine was made with EnVisionϩ (DAKO), a biotin-free detection system that consists of a secondary antibody covalently linked to peroxidase coated dextrose polymers. The Ventana stainer used a modified biotin-streptavidin-horseradish peroxidase detection method that may detect endogenous biotin (17, 18) . A negative control for endogenous biotin staining using CD20 stain was performed in parallel with each Hep Par 1-stained slide. In all cases in which endogenous biotin was a problem, the stain was repeated with the EnVisionϩ system. Positive external controls were used with cases lacking appropriate positive internal control.
RESULTS
Five hundred eighty-eight cases of tumor represented on tissue microarrays plus 88 cases of tumor represented on traditional tissue sections were evaluated for Hep Par 1 staining (Table 1) . Hep Par 1 exhibits a granular cytoplasmic staining pattern. As the significance of staining in rare cells is difficult to determine, we considered Ն5% staining as being clearly significant but recorded cases with even rare positive cells as focal ( less than 5%). Representative staining results are shown in Figures  1 and 2 .
Hep Par 1 stained 18 of 19 cases of HCC. Three positively stained cases showed only very focal staining in less than 5% of the tumor. Two of these cases were initially negative on the array but demonstrated focal staining on repeat staining with whole sections taken from the same tumors. The completely negative case was a poorly differentiated HCC. The other two poorly differentiated cases showed 1% staining in one and 5-10% staining in the other. All 16 moderately differentiated cases were positive including two focally stained cases, each with less than 5% staining. Hep Par 1 staining in HCC is frequently uneven and patchy in contrast to the more uniform staining of adjacent nonneoplastic liver. Both cases of hepatoblastoma stained uniformly and strongly. Of 3 cases of mixed HCC and CC, one case showed scattered staining in the hepatic component but not in the glandular component.
Of non-hepatocellular tumors, Hep Par 1 frequently stained gastric carcinomas. 16 of 34 (47%) cases of gastric carcinoma stained; 12 (35%) cases showed 5% or more staining. Eleven of 20 high grade or signet ring type carcinomas stained as compared with 5 of 14 cases of intermediate grade carcinoma. Four of the positive moderately differentiated cases showed Ͻ5% staining. Gastric carcinomas frequently showed scattered and patchy staining, although several cases showed extensive staining in Ͼ50% of the tumor. None of the gastric carcinomas showed hepatoid differentiation on the hematoxylin and eosin stains. A case of gastric neuroendocrine carcinoma was negative. We observed staining of metaplastic intestinal epithelium in the gastric mucosa without staining of the normal gastric epithelium.
Several other tumors also stained occasionally for Hep Par 1. Three of 13 adrenal cortical carcinomas stained. One case stained strongly and diffusely on whole tissue section. In addition, 2 of 9 cases of yolk sac tumors were positive. One case was a metastatic yolk sac tumor to the lung that showed 5% staining. The other case was a treated mixed germ cell tumor that showed staining in 20% of the residual yolk sac component. Neither positive yolk sac tumor con-tained morphologically recognizable hepatoid elements. One case of immature teratoma showed focal staining in the glandular component but the yolk sac component was negative. Other infrequently stained tumors include carcinomas of colon (8/106 adenocarcinoma), lung (2/34 adenocarcinoma, 1/16 squamous cell), cervix (1/5 adenocarcinoma), ovary (3/7 clear cell, 2/6 mucinous), prostate (1/35), esophagus (adenocarcinoma 1/6), and endometrium (1/26 endometrioid carcinoma). Only 1 of 11 cases of cholangiocarcinoma stained very focally in 5% of the tumor.
Tumors that did not stain include pancreatic adenocarcinoma (11 cases), breast carcinoma (85 cases), renal cell carcinoma (36 cases), urinary tract transitional cell carcinoma (30 cases), ovarian serous carcinoma (27 cases), melanoma (25 cases), mesothelioma (5 cases), carcinoid/neuroendocrine carcinomas (10 cases), ear nose throat squamous cell carcinoma (29 cases), and papillary thyroid car- Tumors that tested negative on the arrays but not included in the table include ear, nose, and throat squamous carcinomas (29 cases), thyroid papillary carcinoma (19 cases), seminoma (12 cases), mesothelioma (5 cases), neuroblastoma (3 cases), nephroblastoma (3 cases), carcinoma of unknown primary (3 cases), endometrial stromal sarcoma (3 cases), skin basal cell carcinoma (2 cases), and one case each of the following: malignant mixed mullerian carcinoma, thyroid follicular carcinoma, skin paget disease, skin adnexal adenocarcinoma, skin squamous carcinoma, thymoma, solitary fibrous tumor.
Includes 2 cases originally negative on the array but showed focal staining (Ͻ5%) on full tissue sections. The adjacent columns to the right thus reflect a total of 19 cases of hepatocellular carcinoma tested in this study-14 cases from the array (2 of these were also stained using standard sections) and 5 other cases stained with standard sections only.
* Includes cases with Յ5% staining, (#, ##%) ϭ cases with focal staining, percent focal staining. ND ϭ not performed. Table 1 .
DISCUSSION
Tissue microarray technology enabled us to test Hep Par 1 staining on a large number of tumors. The small core size, however, raises the possibility of false negative results due to non-representative sampling. On tumors for which we have both array and tissue section data, focally stained cases on tissue section, particularly with Ͻ5% staining, are in some cases negative on the array. Recently, several studies have shown that two or more 0.6-mm cores on tissue microarrays give a better representation than do single cores (15, 16) . Tissue validation performed on two HCCs negative on the array showed focal staining (less than 5%) in both tumors. In addition, a higher percentage of gastric carcinomas stained on tissue sections than on the arrays. This discrepancy is particularly evident in the moderately differentiated gastric carcinomas, nearly all of which showed very focal staining on whole sections. The array data correlated well with tissue section data on other tumors, including adrenal cortical, ovarian, and colonic carcinomas. Tissue arrays thus may be considered useful for establishing lower limits for the incidence of staining but may need to be supplemented with additional stained samples, especially for the evaluation of focal staining.
Endogenous biotin can be a significant source of false-positive staining in tissues such as liver and kidney after heat-induced epitope retrieval (17, 18) . To avoid the problem of nonspecific endogenous biotin staining, we employed the EnVisionϩ detection system in the immunohistochemical staining procedure of our sections. EnVisionϩ is a biotinfree detection method that uses secondary antibody covalently linked to dextrose polymers coated with peroxidase molecules. Our sections detected with EnVisionϩ resulted in clean background staining.
Hep Par 1 staining results from this study are compared with those published in the literature in Table 2 (2, 4, 8 -12 NA ϭ no information available; ENT ϭ ear, nose and throat. Tumors that tested negative on the arrays but not included in the table include neuroblastoma (3 cases), nephroblastoma (3 cases), carcinoma of unknown primary (3 cases), endometrial stromal sarcoma (3 cases), and one case each of the following: malignant mixed mullerian carcinoma, skin paget disease, skin adnexal adenocarcinoma, solitary fibrous tumor. No information is available on these tumors in the literature for comparison.
Tumors reported to be negative in the literature but not tested in our study include and not included in the table above: carcinoma and metastatic carcinoma of unknown site (16 cases), vascular neoplasms (6 cases), small bowel carcinoma (11 cases), pheochromocytoma (2 cases), testicular embryonal carcinoma (7 cases), teratoma (6 cases) and choriocarcinoma (1 case), sarcoma (1 case), adenosarcoma (1 case), epithelioid sarcoma (10 cases), salivary gland tumors (19 cases) and 11 cases of undifferentiated carcinomas of various sites.
The neuroendocrine category included neuroendocrine carcinoma, small cell carcinoma, carcinoid, islet cell and Merkel cell carcinoma. The 5 positive cases reported in the literature were all of gastrointestinal or liver sites and comprised four neuroendocrine carcinomas and 1 carcinoid (4). versus 3/3 gr1 stained), whereas other studies (9, 10) did not observe such a correlation. In this study, the only completely negative case was a poorly differentiated HCC. The other 2 poorly differentiated cases showed only focal staining. In contrast, all 16 moderately differentiated cases were positive, two of which showed less than 5% staining. These findings lend some support to the notion that poorly differentiated HCCs tend to lose reactivity for Hep Par 1. The heterogenous and sometimes focal nature of the staining in HCCs may lead to false negative results, particularly on small biopsy samples.
Although Hep Par 1 shows useful specificity for HCC in most instances, a notable exception is that it also frequently stains gastric carcinomas. We observed 47% (16/34) of gastric carcinomas to stain, and 35% (12/34) when limited to cases with 5% or more staining. The poorly differentiated and signet ring tumor types stained more frequently and extensively than did the better differentiated types. Wennerberg et al. (8) tested 10 cases of gastric carcinomas, all high grade or signet ring type, and found 3 to stain. Recently, Maitra et al. (12) reported focal staining in five of six cases of gastric carcinomas with "hepatoid" differentiation. The staining in these tumors was ascribed to areas showing true hepatocellular differentiation, as evidenced by concurrent positivity for AFP and CEAp. Chu et al. (4) found staining in 2 of 12 conventional gastric adenocarcinomas, one of which was signet ring type, and in both of 2 carcinomas with hepatoid differentiation. Our cases of gastric carcinomas did not show "hepatoid" morphologic features, as described by Maitra et al. (12) and Chu et al. (4) . The results of our study emphasize the frequent Hep Par 1 staining of conventional gastric carcinomas, independent of "hepatoid" differentiation. This is a significant limitation as metastatic gastric adenocarcinoma is frequently in the differential diagnosis of a liver mass subjected to biopsy. We also observed staining of metaplastic intestinal epithelium in the gastric sections; this is not surprising as normal small intestinal epithelium has been reported to stain.
The recent report of Chu et al. (4) describes staining in 5/21 lung adenocarcinomas and 4/24 ovarian carcinomas, similar to our findings. We also occasionally found Hep Par 1 to stain several other tumors for which staining has not been previously reported. These include carcinomas of adrenal cortex, colon, endocervix, esophagus, prostate and endometrium. Certain of these may be considered significant, even though their frequency of staining is not high: lung because of its overall frequency, colon because of its overall frequency and its drainage pattern, and adrenal cortical carcinoma because of its histologic similarity to HCC. Unlike our results of no findings of staining in neuroendocrine carcinomas, Chu et al. (4) found four of nine such cases to be positive.
Although Hep Par 1 is 100% sensitive for hepatoblastomas (11) and does not stain other pediatric tumors such as neuroblastoma or nephroblastoma, we find some yolk sac tumors to stain (2/9 cases). We tested yolk sac tumors as they, like hepatoblastomas, are AFP positive. Fasano et al. (11) reported negative Hep Par 1 staining results in five germ cell tumors but did not specify the subtypes of these tumors, whereas Chu et al. (4) found no staining in 14 cases tested.
In summary, this study supports Hep Par 1 as a useful marker for HCC. It is not, however, entirely specific, showing frequent staining in gastric carcinomas. Several other tumors also stain occasionally, including yolk sac tumors as well as carcinomas of adrenal cortex, lung, colon, and ovary. The use of Hep Par 1 in conjunction with other positive (i.e., AFP, CD10 and CEAp) and negative (i.e., epithelial membrane antigen, monoclonal CEA, CD15) markers of HCC is recommended in the differential diagnosis of HCC.
